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tertiary center from January 2000 to July 2013. The indication for surgery was suspicion of a tumor based on clinical presentation, imaging findings and laboratory evaluations. The diagnosis of AIP was based on histology findings. An experienced pathologist specialized in pancreatic disease reviewed all the cases and confirmed the diagnosis in pancreatic resection specimens suggestive of AIP. The histological diagnosis of AIP was set according to the international consensus diagnostic criteria.
RESULTS
Two hundred ninety-five pancreatic resections were performed in 201 men and 94 women. AIP was diagnosed in 15 patients (5.1%, 12 men and 3 women) based on histology of the resected specimen. Six of them had AIP type 1, nine were diagnosed with AIP type 2. Pancreatic adenocarcinoma (PC) was also present in six patients with AIP (40%), all six were men. Patients with AIP + PC were significantly older (60.5 vs 49 years of age, P = 0.045), more likely to have been recently diagnosed with diabetes (67% vs 11%, P = 0.09), and had experienced greater weight loss (15.5 kg vs 8.5 kg, P = 0.03) than AIP patients without PC. AIP was not diagnosed in any patients prior to surgery; however, the diagnostic algorithm was not fully completed in every case.
INTRODUCTION
Autoimmune pancreatitis (AIP) is a rare clinical entity with an estimated prevalence of 0.82-2.2/100000 inhabitants in Japan [1, 2] . The prevalence of this disease in Western countries remains to be determined. AIP is diagnosed in only about 6% of patients with idiopathic chronic pancreatitis [3] . Within this group, AIP is defined by specific clinical, laboratory, radiological, and histological findings [4] . Currently, two subtypes of AIP are recognized. Type 1, also known as lymphoplasmacytic sclerosing pancreatitis, is considered a pancreatic manifestation of IgG4-related sclerosing disease. Type 2, idiopathic duct-centric pancreatitis, is often associated with inflammatory bowel disease. Type 1 disease is characterized by sclerosing storiform fibrosis with a lymphoplasmatic infiltrate rich in IgG4-positive plasma cells, and elevated serum IgG4 levels [5] . Type 2 disease is characterized by disruption of the duct wall due to invasion by neutrophilic granulocytes, i.e., granulocytic epithelial lesions, absence of IgG4-positive plasma cells, and no serum elevation of IgG4. These characteristic changes may result in diffuse swelling or focal enlargement of the organ. Patients with AIP often present with jaundice, abdominal pain and focal pancreatic enlargement. The lack of specific symptoms makes the diagnosis of AIP difficult. Diagnostic algorithms from Japan, South Korea and United States were proposed in 2006 [6] [7] [8] . The international consensus diagnostic criteria (ICDC) published in 2011, unify the previous diagnostic strategies while respecting regional differences in clinical practice [4] . The ICDC are based on evaluation of the pancreatic parenchyma by imaging (CT, MRI), the structure of the pancreatic duct, histology, serology, involvement of other organs, and response to corticosteroid therapy. A typical, although not the most common, imaging finding is diffuse enlargement of the pancreas. This may be accompanied by delayed enhancement (sausage-like pancreas or rim-like enhancement); however, often only segmental or focal enlargement of the pancreas is seen, especially in AIP type 2 [9, 10] . Consequently, differentiating pancreatic cancer (PC) from AIP can be difficult and requires demonstration of a combination of clinical, serological, morphological and histological features. Despite the availability of well-defined diagnostic criteria, 6%-8% of patients with a pancreatic mass undergo unnecessary resection prior to a finding of autoimmune pancreatitis [11] . The aim of our study was to determine the proportion of patients at our center with AIP among those who had a pancreatic resection for a pancreatic mass and to define the clinical characteristics of this subgroup.
MATERIALS AND METHODS
We retrospectively analyzed medical records of all patients who underwent pancreatic resection for a focal pancreatic enlargement at the Institute for Clinical and Experimental Medicine from January 2000 to July 2013. The indication for surgery was suspicion of a tumor based on clinical presentation, imaging findings and laboratory evaluations. Many patients were referred to our tertiary center for pancreatic surgery with a diagnostic workout already done in the referring hospital and with an established diagnosis of suspected pancreatic cancer.
The diagnosis of AIP was based on histology findings. An experienced pathologist (J.M.) specialized in pancreatic diseases (hundreds of PC and chronic pancreatitis cases reported) reviewed all the cases and confirmed the diagnosis in pancreatic resection specimens suggestive of AIP. The histological diagnosis of AIP was based on the ICDC criteria. In AIP type 1, the presence of storiform fibrosis, obliterative phlebitis, and abundant IgG4-positive plasma cells was required, granulocytic epithelial lesions were indicative of AIP type 2 [4] . The Mann-Whitney U test was used for statistical analysis of quantitative data and the Fisher's exact test was used for qualitative data. A P-value of 0.05 was required for statistical significance. Data were analyzed by the center statistician using JMP 10 software (SAS Institute Inc., Cary, NC).
The study was performed according to Declaration of Helsinki including the changes accepted in Soul, South Korea, during the 59 th WMA General Assembly.
RESULTS
During the study period, we performed a total of 295 pancreatic resections in 201 men (68%) and 94 women (32%) with a median age of 61 Figure 1A-D) . In five patients the cancer was localized in the head of the pancreas and in one patient the pancreatic tail was affected. The characteristics of AIP patients with and without PC are In eleven patients (seven with AIP and four with AIP + PC), a fine needle aspiration biopsy (FNAB) of the pancreatic lesion had been performed. Cytological examination of the aspirates from the AIP + PC patients was true positive in three and inconclusive in one. In those with AIP, the examination was true negative in four patients, false-positive in two, and inconclusive in one (Table 4) .
Knowing the final histological diagnosis, we retrospectively evaluated the medical histories, imaging findings, and laboratory results of patients with shown in Table 1 . All patients with AIP and PC were men, and their median age was 60.5 (54-67) years. All patients with AIP + PC had a history of significant weight loss (median 15.5kg, range 8-50), which was greater than the weight loss present in the six AIP patients without PC (median 8.5kg, range 3-12, P = 0.03). Patients with AIP + PC were significantly older (median age 60.5 vs 49, P =0.045) and were more likely to have been diagnosed with recent-onset diabetes mellitus (within six months prior to resection) in the preoperative period (67% vs 11%, P = 0.09). History of smoking was similar in both groups (56% AIP patients vs 67% AIP + PC patients). There was not a statistically significant difference in the presence of jaundice between the groups. Histopathological findings in patients with AIP + PC are summarized in Tables 2 and 3 .
Six patients with AIP had a history of pancreatic disease -three had chronic pancreatitis (two with AIP and one with AIP + PC), and three patients Macinga P et al . Co-occurrence of autoimmune pancreatitis and cancer AIP + PC to assess the possibility of preoperative diagnosis of AIP using the current consensus criteria. None of the patients would have met the ICDC criteria preoperatively. Serum levels of IgG4 were not determined in the two patients with AIP type 1, and histology was not obtained in any of the AIP type 2 patients. Only one patient (with AIP type 2) had a CT finding suggestive of AIP, however malignant elements were found in the FNAB cytology. In the remaining five patients the CT findings would not have raised suspicion of AIP. Preoperative findings in both groups are shown in to determine. Serum markers of AIP (notably serum IgG4) are often helpful in diagnosis of both conditions [12] . However, IgG4 levels exceeding twice the upper limit of normal were found in a considerable proportion of patients with pancreatic cancer and thus this marker cannot be used alone to exclude the diagnosis of malignancy [13] . In cases where the presence of pancreatic cancer cannot be ruled out with certainty, pancreatic resection is indicated. The aim of our study was to evaluate the proportion of AIP in all patients undergoing resection for a suspected tumor. The finding of AIP in 5% of all resections in our patient series is in agreement with previously published data. The occurrence of AIP in patients resected for a suspected tumor has been shown to be around 6%-8% [11] . This high number reflects the similar presentation of both diseases and the difficult diagnostic algorithm of AIP.
The relatively high proportion of patients with type 2 AIP (60%) in our series might be explained by a higher prevalence of this subtype in our geographic region as well as more frequent presentation of type 2 AIP as a focal pancreatic lesion [14] [15] [16] . In addition, recognition of this subtype in the absence of a serological marker and extrapancreatic manifestations is more challenging. It can thus be assumed that this subtype will be found more often in patients with unrecognized AIP, and will not precisely match the characteristics of AIP patients in the general population.
An intriguing finding in our study is the high incidence of pancreatic adenocarcinoma in patients with AIP, which reached 40%. In our opinion, this represents the largest ever published group of patients with co-occurrence of PC and AIP. Pancreatic cancer in patients with AIP has so far been documented only in individual cases [13, [17] [18] [19] [20] . Recently, two patients with both AIP and PC were described in a study that examined serum IgG4 level in 106 patients with histologically confirmed pancreatic cancer [13] . None of our patients was diagnosed with AIP or had ever been given immunosuppressive therapy before surgery. A retrospective analysis of all available data revealed that our AIP patients would not have met the ICDC criteria preoperatively. However, the diagnostic algorithm was not complete in any of them, as they were referred for surgery with an already established diagnosis of suspected pancreatic cancer. Nevertheless, it needs to be emphasized that some of our patients had been resected many years ago before AIP was thoroughly described and the ICDC criteria proposed.
Diagnosis of AIP accompanying PC based on histology is a major drawback of our study. We are aware that the nonspecific peritumoral pancreatitis adjacent to pancreatic neoplasms might share some histologic features with AIP type 1, i.e., by abundance of IgG4+ plasma cells, venulitis or periductal inflammation [21] . However, distribution of IgG4+ plasma cells in nonspecific peritumoral pancreatitis was shown to be patchy, in contrary to diffuse infiltration which is described in AIP [22, 23] . All cases of AIP + PC were reviewed by a pathologist specialized in pancreatic diseases. Only cases with diffuse distribution of IgG4+ plasma cells (density > 50/HPF) and with the presence of all morphologic features of AIP type 1 were included in the study. This cutoff was shown to provide an excellent specificity in distinguishing AIP type 1 and peritumoral pancreatitis [21] . In AIP type 2 the granulocytic epithelial lesions were nosognostic for the disease.
The relationship between AIP and PC is poorly understood although several different explanations were formulated. The first one considers AIP as a precursor for pancreatic cancer due to chronic inflammation which leads to harboring of mutations and, over time, to development of cancer. Chronic pancreatitis is a wellknown risk factor of pancreatic cancer, increasing the risk of cancer development by as much as 13.3-fold [24] . The cumulative risk of developing pancreatic cancer in patients with chronic pancreatitis is estimated to be 4% [25] . A similar association in patients with AIP has not yet been demonstrated. However, in line with the case reports of pancreatic cancer in patients with AIP mentioned above, there are data that indirectly support this assumption. For example, Gupta et al [26] in a retrospective analysis of resected tissue of AIP patients, found a higher prevalence of premalignant lesions, i.e., pancreatic intraepithelial neoplasia (PanIN 1-2), in patients with AIP compared with patients with otherwise nonspecified chronic pancreatitis. In addition, they noted development of pancreatic cancer in two of 84 patients with AIP during a prospective 49-mo followup period. The high frequency of K-ras mutations found in pancreatic tissue of patients with AIP further supports the association of the two diseases [27] . Higher incidence of pancreatic cancer has scarcely been reported in prospectively followed cohorts of patients with AIP [28] . However, population studies are usually limited by a small number of patients due to the low incidence of the disease and also by short follow-up periods. Furthermore, prospectively followed patients with AIP are usually adequately treated with immunosuppression, unlike patients with unrecognized AIP or with pancreatitis of other etiologies. In such a scenario, one might speculate that suppression of inflammatory activity may reduce the risk of malignancy development in a similar way to that seen in inflammatory bowel disease [29] . An increased incidence of pancreatic cancer would then be expected in untreated patients or in those with an insufficient response to immunosuppressive treatment. Duration of follow-up is also an important factor. If patients with chronic pancreatitis of other etiologies develop pancreatic cancer, then it is usually in the interval of one to two decades after chronic pancreatitis is diagnosed [25] . There are patients suffering for years from unrecognized AIP in the absence of cardinal symptoms such as jaundice or typical radiological findings. Recently published data suggest that up to one third of patients with AIP can develop signs typical of advanced chronic pancreatitis of other etiologies (e.g., parenchymal atrophy or calcifications) [30, 31] . Another consideration proposes AIP type 1 as a paraneoplastic phenomenon. This hypothesis is based on observation of a significantly higher incidence of malignancy in patients with IgG4-RD within the first year of follow-up compared to subsequent years [32, 33] . The explanation would be that occult cancer may alter cell-mediated immunological responses and thus create an inflammatory environment favorable for onset of autoimmune disease -in this case AIP type 1 or any other IgG4-RD. However, these initial observations from Japanese authors were not further supported by western studies [34, 35] . Despite the small number of patients in our study, we found three major differences between patients with AIP and AIP + PC, with one of them being statistically significant. The significantly higher age of patients with AIP + PC may be somewhat expected due to the mechanism of cancer development, presumed to be a long-term chronic inflammatory process. It is consistent with the concept of pancreatic cancer being a late complication of chronic pancreatitis, much like colorectal cancer being a late complication of ulcerative colitis. The higher proportion of recent onset diabetes in patients with AIP + PC compared with patients with AIP only is an interesting finding. Diabetes mellitus has been reported in 42%-78% of patients at the onset of AIP, however it persisted in only 10% of the AIP patients following corticosteroid treatment of the acute inflammation [36] . In our study, recent-onset diabetes was present in only 11% patients with AIP. New onset diabetes mellitus as a symptom of pancreatic cancer has been documented in numerous studies [37] . However, its use in the differential diagnosis of cancer and chronic pancreatitis is difficult, because diabetes is a common complication of advanced chronic pancreatitis of nonautoimmune etiology. In our study only six patients without PC had weight loss as opposed to all patients with PC. Weight loss in patients with AIP and PC was much greater than in those who had AIP without PC (15.5 kg vs 8.5 kg, P = 0.03). Even though exocrine pancreatic insufficiency and weight loss are not uncommon in patients with AIP [38] , a severe weight loss should raise suspicion for a possible presence of pancreatic cancer.
The possible synchronous occurrence of AIP and PC implies major clinical consequences. Our data indicate that distinguishing these two entities becomes even more challenging, as the preoperative diagnosis of AIP does not rule out pancreatic cancer. Even patients with an established diagnosis of AIP must thus be treated and followed with caution.
A shortcoming of our study, beyond its small size and retrospective nature, is the fact that the selection of patients was based on histological examination of resected tissue. Our hospital is a tertiary center that performs many resections as a service for regional gastroenterology facilities. Consequently, the opportunity to change the diagnostic algorithm, which is often not fully completed, is sometimes limited. Finally, the natural course of pancreatic cancer is so unfavorable that all our patients have already died. Consequently, they could not be revaluated.
Autoimmune pancreatitis and pancreatic cancer may have similar presentations and their distinction is often difficult. We evaluated all patients who underwent pancreatic resection for a focal pancreatic enlargement and found that a considerable proportion of the resected patients had autoimmune pancreatitis. Furthermore, we found that some patients with autoimmune pancreatitis also had pancreatic cancer, demonstrating the eventuality of synchronous presence of PC in patients with proven AIP. Our results show that those with AIP and cancer were older, more likely to have recent-onset diabetes and had a greater weight loss than those with AIP only. Definitive confirmation of these initial observations will require additional prospective studies with a larger number of patients.
COMMENTS

Background
Autoimmune pancreatitis (AIP) is a distinct form of chronic pancreatitis COMMENTS characterized by specific clinical, laboratory, radiological and histological findings. AIP may mimic pancreatic cancer (PC), as it often presents with obstructive jaundice and focal pancreatic enlargement.
Research frontiers
Due to similar manifestation of AIP and PC, a lot of attention was given to the differentiation of the two conditions, as the precise differential diagnosis is essential for the right treatment and prognosis of patients. However, because the diagnosis of AIP is complex, many AIP patients undergo unnecessary surgery rather than immunosuppressive treatment. Chronic inflammatory process is a well-known risk factor of malignancy, as described in chronic pancreatitis and PC. A similar association in patients with AIP and PC has been suggested but not demonstrated. There are only a few cases of PC in AIP patients reported in the literature.
Innovations and breakthroughs
In the presented study, we show that a considerable proportion of patients undergoing pancreatic resection for a cancer suspicion may have AIP. However, we also showed that patients with AIP may have synchronous presence of pancreatic cancer. Those with AIP and PC were older, have been more often recently diagnosed with diabetes, and have experienced a greater weight loss than those without PC. The presented group of patients with PC and AIP cooccurrence is, to our knowledge, the largest ever published.
Applications
The possible synchronous occurrence of AIP and PC implies major consequences, as diagnosing AIP in a patient with focal pancreatic enlargement may not rule out the presence of pancreatic cancer. The knowledge of characteristics distinguishing the two groups of patients might aid in the differential diagnosis.
Terminology
Pancreatic cancer is usually an adenocarcinoma derived from pancreatic ductal cells; autoimmune pancreatitis is a rare chronic inflammatory disease of the pancreas defined by a combination of the following features: frequent presentation with obstructive jaundice accompanied with diffuse or focal organ swelling, rapid response to steroids, as well as by histological finding of lymphoplasmacytic infiltrate and fibrosis of the pancreas. Based on laboratory results, clinical profiling and histology, it is classified into type 1 and type 2.
Peer-review
"Simultaneous occurrence of autoimmune pancreatitis and pancreatic cancer in patients resected for focal pancreatic mass" is an interesting paper.
